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demonstrated by the high reliability of most metallic
ROLLING CONTACT BEARINGS, MATERIAL FOR
BEARING SURFACES, AND PROCESS THEREFOR
BACKGROUND OF THE INVENTION
1. Field of the Invention
The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to re
quire the patent owner to license others on reasonable

rolling contact bearings in common use.

For the NC-132 material noted above, the L10 value
in tests with a 6.9 gigapascals (GPa) contact stress is
about six hundred thousand cycles, while the L50 value

is almost eight million cycles. This relatively large ratio
between the two numbers accords well with the small

but persistent early failure experience with silicon ni
tride bearings already noted.

terms as provided for by the terms of Contract No.

Investigations under the general aegis of H. R. Baum

NO0l40-82-B068 awarded by the Naval Air Propulsion

gartner over more than a decade, reported in a series of

Center.
This invention is related to materials useful for me

contract reports to various government agencies, and

chanical bearings, more particularly rolling contact
bearings, such as ball bearings, roller bearings, and vari

been directed to improving the properties of silicon

ous designs of needle bearings. It is still more particu
larly related to ceramics used for such purposes and

some other prior investigations by the applicant, have
nitride for bearings, but so far as is known to the appli

cant, no signi?cant improvements in bearing reliability
over that of NC-132 has been previously achieved.

Baumgartner has most recently concluded that L50
composed of grains of silicon nitride or oxynitride
bonded into a coherent whole by an intergranular phase 20 values for ceramic materials can not be predicted from
the mechanical strength of the materials. (“Ceramic
which is composed primarily of metal oxides.
Materials in Roller Contact Bearings”, Final Report on
2. Technical Background
Ceramic materials have been widely recommended
NASC Contract N000l9-C'0l97, October, 1976). Also
but less widely used for bearing applications. In particu
in this report, Baumgartner reported microstructural
lar, silicon nitride and oxynitride polycrystalline ceram 25 heterogeneities in the ceramic materials tested, but
ics, with their high wear resistance, low coefficient of
found no statistically signi?cant correlation between
thermal expansion, high melting point, and adaptability
the heterogeneities and either L50 or L10.
to ?ne machine ?nishing, have been highly recom
In another part of this work, the amount and distribu
mended for rolling contact bearings. A report by J. J.
tion of intergranular phase material was investigated as
McLaughlin, “Alternate Ceramic Materials for Roller 30 a possible source of early failure, but was not found to
Bearings”, Final Report on NASC Contract N00019
be correlated. As part of this investigation, silicon ni
81-C-0284, issued in November of 1983, concluded that
tride ceramics with up to three times the normal amount
Norton Company’s pressure densi?ed silicon nitride
of magnesium oxide, a major constituent of the inter
material described in U.S. Pat. No. 3,836,374 and sold
granular phase, were prepared. These were reported to
under the designation NC-l32 was the best commer 35 have an L10 value of less than one million stress cycles
cially available material for rolling contact bearings.
even at the reduced stress level of 5.25 GPa.

Nevertheless, actual uses of this material for bearings
have been relatively few. In part, this is because of
relatively high cost of the ceramic and in part because
of a tendency of even the best previously known ceram
ics to a substantial incidence of early mechanical fail
ures when used in bearings.

The long life of practical bearing surfaces makes life
testing under actual service conditions uneconomical. It

Baumgartner concluded that-the cause for early fail
ures in ceramic bearings is unknown but appears to be
distinct from the cause of average bearing lifetimes with
the same materials.

U.S. Pat. No. 4,216,021 to Hattori et al describes high

strength sintered silicon nitride composite materials
which are asserted to be “well suited as materials for

structural bodies in which dynamic stress such as im
is therefore common practice in the art to rely on accel 45 pact, fatigue or the like is an important factor.” No
erated testing procedures, speci?cally those for ceram
speci?c reference to use of the materials in bearings was
ics as described by D. Glover in ASTM STP 771. These
made, however, and there was no report of any Lx
test procedures apply contact pressures higher than
values or of optical measurement of ?aws. Yttria and
those normally encountered in service in order to accel
titanium nitride were described as necessary compo
erate the fatigue failure of the test materials. The tests 50
nents of the ceramic materials invented.
use statistical analysis of data from testing numerous
U.S. Pat. No. 4,119,475 to Prochazka et a1 describes
specimens, and the results are commonly given in terms

sintering of silicon nitride mixed with a magnesium
additive and a beryllium additive. This patent is only
remotely
related to the instant application, inter alia
mens tested at a given stress level. L10 and L50 values 55
because it teaches away from using an oxide sintering
are frequently reported, and the difference between
aid (column 1, lines 54-5 8) and uses conventional sinter
them indicates the tendency of the material tested to
ing rather than high pressure densi?cation. Like Hat
random early failure when used as a bearing surface.
tori, Prochazka makes no reference to use in bearings or
If L10 for a material is very much smaller than L50,
to L; values.
the average lifetime of bearings made from the material

of a variable L,,, which denotes the number of stress
cycles which cause failure of X percent of the speci

may be satisfactorily long, but the early failure inci
dence represented by a low value of L10 may economi
cally preclude most uses of the material because of the
substantial danger of premature failure in too many

Various conventional techniques of optical examina

tion of silicon nitride ceramic bodies have been applied
and reported by other investigators, but none of them
has reported any correlation known to the applicant
65 between any particular type of optical characteristic of
instances.
polycrystalline silicon nitride ceramics and their life
Results of accelerated tests of this type are routinely

used to predict bearing life in practical applications and
give good agreement with observed service lifetimes, as

times under accelerated fatigue testing for bearing ap~
plications or under actual service in bearings.
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DESCRIPTION OF THE DRAWINGS AND
TABLES
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tional in design but with reliably longer life ‘than any
previously known can be obtained.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
I have found that bearing materials with more reli- 5
Surface preparation of the rolling contact bearing
ably long service lives than ever previously achieved,
materials must be carefully controlled for reliable re
speci?cally with an L10 value of more than ?ve million
stress cycles at 6.9 GPa stress, can be obtained with

sults in the tests described below or in actual service as

bearings. Scratches, rough ?nish, and subsurface dam
silicon nitride or oxynitride ceramic bodies by control
ling the incidence within the bodies of optical ?aws of 19 age all can have substantial negative impact on perfor
mance or test results. An optimized ?nishing procedure
a speci?c type not regarded as signi?cant heretofore.
(These ?aws have probably drawn little attention from
previous workers because they have no evident effect
on such commonly measured properties as average

bend strength, dispersion of bend strength, fracture
energy, or resistance to machining damage.) The ?aws
found to be critical for control of early fatigue failure
can be detected by microscopic examination in low
angle incident light, dark ?eld re?ected light, or re

?ected polarized light viewed through a crossed polar
izing analyzer. If the ?aws are large enough, they may
be visible even without magni?cation.
Flaws of the type critical for L10 values are shown in

the drawings.
FIG. 1 is a photomicrograph at 52 X magni?cation of
a ?nely ground surface of a conventional silicon nitride

body viewed through a crossed polarizer while illumi

nated by re?ected polarized light. The extended,

branched, and feathery lightest features, somewhat
reminiscent of the veining of marble, shown in the pho
tomicrograph are the indicia of the ?aws which are

was developed and reported by J. Lucelt and Cowley,‘
‘Ceramic Materials in Aircraft Engine Bearings”, Final
Report on Contract NASC N000l9-76-C-0251, June

1979. See McLaughlin reference, Appendix A. Test
specimen manufacturing procedures as described in this
excerpt were used for all the testing reported herein.
Similar procedures, with any necessary or appropriate
modi?cation as appropriate to those skilled in the art of

bearing design, are preferred for making practically
useful bearings from the materials described herein.
All the superior silicon nitride materials according to
this invention were found to be characterized by a re

duced incidence, compared with conventional silicon

nitride bodies, of bright specular re?ections from the
generally black surfaces of the bodies, when these are

illuminated by low angle incident ordinary light, dark
?eld re?ected light, or re?ected polarized light with a
crossed analyzer. These re?ections are distinct from

those originating from pores or polishing defects. The
superior materials contain smaller optically re?ective

?aws than the best commercially available silicon ni
tride bearing materials. The small inclusions which are
present in the superior materials are more nearly uni
FIG. 2 shows the surface of NC-l32 under the same 35 formly distributed than in normal silicon nitride ceram
magni?cation and illumination conditions as in FIG. 1.
ics. Depending on the distribution and size of these
While there is much less re?ection overall than in FIG.
optical anomalies, magni?cation may or may not be
1, there still are numerous contrasting light re?ections
required to detect them. An example of the re?ections is
widely dispersed throughout most of the surface.
shown in FIG. 1.
FIG. 3a shows re?ections under the same illumina 40
Electron probe microanalysis, selective chemical

characteristic of ordinary silicon nitride bodies with
low L10 values.

tion conditions from the surface of a high strength, high
fracture energy type of silicon nitride with 8% yttria
added as a sintering aid. Very large scale patterns of the

etching, and preferential physical erosion during stan
dard metallographic sample preparation indicate that
these re?ective optical regions, called anomalies herein,

light anomalies are present.
are different from the surrounding silicon nitride matrix.
FIG. 3b shows in re?ected light the same area of the 45 Microchemical analysis by electron beam suggests that
same sample after very short exposure to a bearing wear
these anomalies, which are not the sort of gross ?aws
test. Signi?cant erosion of the surface in a pattern
commonly associated with general mechanical weak
closely related to that of FIG. 3a is evident.
ness, contain higher than normal concentrations of the
FIGS. 4, 5 and 6 are photomicrographs under similar
intentionally added intergranular phase constituents
conditions to FIG. 1 of surfaces of improved bodies 50 (such as magnesia and silica) and of less refractory
prepared according to this invention. It is evident that
minor impurities. Nevertheless, the anomalies can not the total number and size of re?ective anomalies is less
simply be equated with the intergranular phase, because
than in any of the previous ?gures.
the anomalies occupy a larger fraction of the total vol
FIG. 7 shows the L,‘ function previously de?ned for
ume of the specimens than the amount of intergranular
a variety of ceramic and metallic materials at varied 55 phase possible in view of the amount of constituents of
contact stress levels.

Tables 1 and 2 summarize rolling contact fatigue

that phase present in the ceramics.

performance and its comparison with optical and other

The optical properties of the anomalies suggest-that
they have higher porosity, increased levels of micro

mechanical properties for various silicon nitride com

cracks, or increased transparency compared with the

posites.

60 surrounding bulk of the material. Irrespective of what
Control of the incidence of ?aws of the type inimical
reasons(s) may give rise to the optical anomalies, con

to high L10 values can be achieved by a variety of tech

trol of the level of such anomalies has proved to be the

niques, including the use of moderately high amounts of

most reliable technique for obtaining materials with
L10 values.

intergranular phase forming additives before sintering,

longer milling times, and elimination of large size aggre- 65 The ROSIWALL micrometric quantitative analysis
gates before pressure densi?cation.
typically used for mineralogical composition analysis
By using the superior materials described herein for
was used to quantify the volume of the re?ective com
their stress contact surfaces, bearings otherwise conven
ponent in the composite materials reported herein. This

4,935,388
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sample. Under applied contact stress of 6.9 GPa, this
NC-l32 material had L10 and L50 values of 0.6 and 7.7
million cycles respectively. This wide difference is ac
ccntuated by the accelerated test procedure but is indic

standard technique is described in most optical micros
copy texts and assumes an isotropic material. See e.g.,

E. W. Heinrich, Microscopic Petrography, 1956; E. E.
Wahlstrom, Igneous Minerals and Rocks, 1950. A Leitz

ative of the problems observed practically when using
this material in bearings.
To provide further comparison for the improved
materials of this invention, a high strength silicon ni
tride ceramic with signi?cantly improved resistance to

Ortholux microscope equipped with a Hunt-Went
worth recording micrometer was used in a re?ected

polarized light mode with a crossed analyser to ascer

tain the volume fraction of the re?ective microstruc
tural component at 150x magni?cation.

machining damage and a higher fracture energy was

The mechanical behavior of stressed materials may be
predicted'by the “weakest li ” theory stating that a

prepared. Previously referenced arguments by Baum
gartner, the applicant, and others suggest that improve

material will fail at its weakest point; i.e., where the
largest ?aw occurs. The largest ?aws visible in the

ments in these mechanical characteristics should also

material were characterized by visually selecting from 8
to 10 ?elds @ 150x the largest ?aw and tabulating the

improve rolling contact fatigue life. In reality, however,
the L10 and L50 values for this high strength silicon

average size of these 8 - l0 ?aws as well as the largest

nitride were only 0.01 and 0.22 million cycles, not even

anomaly viewed. Approximately 5,000—l0,000 ?aws

one tenth as much as NC-l32. FIGS. 30 and 3b illustrate

were sampled by this analysis, see for example Table 2.
Three separate 12 mm long scans, sampling a total of
more than ?ve hundred re?ective ?aws, were made 20
with the microscope for each volume determination '

the relationship between microstructure and perfor
mance in a bearing environment for this material. The

high concentration of optical ?aws visible in 3a and

their coincidence with the surface spalls visible in 3b
after testing are apparent.
This high strength material contains optical anoma
The silicon nitride powder to be used for making the
lies with a largest single contiguous ?aw diameter of
products according to this invention is preferably made
as described in US. Pat. No. 3,836,374, the entire speci 25 233 microns and an average of the diameters of the
largest ?aw of 147 microns, both much larger than the
?cation of which is hereby incorporated herein by ref
corresponding values for NC-l32. The volume fraction
erence. A single lot of silicon nitride powder was pre
of the reflective ?aws is 28-31%, a comparatively slight
pared and used for all the examples reported below to
increase over NC-l32. The re?ective regions in this
eliminate variation from that source.
The silicon nitride powder was mixed with appropri 30 material are very pronounced, suggesting a large differ
ence in composition, density, and/or modulus between
ate quantities of intergranular phase constituents,
most of the material of the flaw and the bulk material.
milled, and densi?ed as described in US. Pat. No.
reported.

'

3,836,374, and the specimens for rolling contact fatigue
testing were sliced from the resulting billets and ?nished

by standard techniques, with the ?nal ?nishing for all
specimens unless otherwise speci?ed performed in ac

35

cordance with Appendix A of the already cited ?nal .
report on NASC Contract NOO0l9-8l-C-0284. This

procedure yielded a surface roughness between 0.052

Spalling at the optically re?ective regions controls
the fatigue life of this high strength material. Analysis of
the early fatigue failures of NC-132 show that these
anomalies appear to control the early fatigue failures in
NC-132 silicon nitride. The improved performance of
NC-l32 over the material shown in FIGS. 30 and 3b is
believed to be connected with both the lower incidence

and 0.077 microns arithmetic average.
Photomicrographs were obtained on a metallograph

and the less deleterious quality of ?aws of this type.

under conditions of re?ected, polarized, Koehler illumi

this invention.

The following examples illustrate embodiments of

nation with an inserted crossed analyzer at a magni?ca

tion of 52 X unless otherwise stated. Flexural strength
and the indentation fracture toughness value (KlC)
were measured by standard methods. The nominally

45

applied Hertzian contact pressure was calculated by

conventional practice, ignoring the hydrodynamic re
distribution of stress by the lubricating flm. Intergranu

EXAMPLE 1
For this invention, the preparation of NC-l32 as de
scribed in US. Pat. No. 3,836,374 was varied by using
3% rather than 1% of magnesium oxide addition to the
silicon nitride powder. This resulted in a total intergran
ular phase volume of 7.5% calculated based on the

lar phase volume percents were calculated from com

chemical composition of the body. It was hypothesized

bining the silicon dioxide stoichiometrically equivalent
to the oxygen content of the silicon nitride powder with

that one of the causes of the optical anomalies found in
standard NC-l32 was suboptimal mixing of the inter

the added (magnesia or yttn'a) intergranular oxides and

granular phase constituents, and that three times the

calculating the resulting volume from phase densities

determined by X~ray analysis.

normal amount of magnesia additive would be more
55 uniformly distributed than the normal amount under

Fatigue life and other data were obtained for com
mercial NC-l32 silicon nitride bodies to obtain baseline

constant blending conditions. Whether or not this is the
actual cause, the result was successful. The optical char

data for comparison with the examples below. The

acteristics of the products prepared from this mixture

are shown in FIG. 4. The re?ective ?aws constitute
results are shown in Table I and FIGS. 7 and 8. The
microstructure of NC-132 shown in FIG. 2 is character 60 14-l6% of the volume of the material and as shown by
FIG. 4 are very diffuse, suggesting a more gradual
ized by a well dispersed population of optical anomalies

less than 20 microns in diameter. The largest single

contiguous optically re?ective anomaly detected in this
sample was 73 microns in diameter. The average largest
?aw detected as described above was 41 microns in 65

diameter. The intergranular phase volume in this mate
rial is about 5.5 volume percent, while the reflective
anomalies occupied 21-24 percent of the volume of the

composition gradient near the ?aws. Such a gradual
change in composition is likely to reduce stresses near
the re?ective material.

The largest single contiguous ?aw detected in this
material was 48 microns in diameter, while the average

largest ?aw diameter was 35 microns. The L10 fatigue
life at 6.9 GPa stress was 10.5 million cycles, almost ten

4,935,388
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times higher than for NC-l32. Additional values are
shown in FIG. 7. The L50 value, 13.2 million cycles, is
comparatively close to that of NC-l32, as are the
strength and toughness.

'

When the improvement in ?nal properties is
achieved, as in this Example, by increasing the amount
of intergranular phase material over that present in
NC-132, it is preferable to restrict the intergranular

separate mechanism different from the optical ?aw

population.
From the data in Table 2 and other similar data not
shown in detail, I have concluded that the improved

early fatigue resistance properties of silicon nitride bod
ies according to my invention can be correlated with

the size and volume of the optical anomalies. One
method of distinguishing the products according to this

phase volume to no more than ten percent of the total

invention from the materials of the prior art is to mea

volume of the ?nal product. Higher amounts of inter
perature processing and lead to less reliable ?nal materi
als.

sure the size and volume of the optical anomalies by the
described methods. The examination for ?aws is made
on a metallographically polished surface of a specimen
of the material under one of the illuminated conditions

EXAMPLE 2

already described. The randomly selected diameter of
the largest re?ective anomaly for 8-10 ?elds is mea

granular phase may segregate unduly during high tem

For this example, 1.5% magnesia was used to give a

calculated volume of 6% intergranular phase. The pow
der was milled twenty-four hours, twice as long as

normal for NC-132, before hot pressing. This additional

sured, and values thus obtained are averaged. The aver

age determined by this procedure is denoted the aver
age largeat flaw, and if this average is less than 40 mi
crons, the silicon nitride body falls within the scope of

milling time increased the concentration of tungsten 20 my invention.
carbide ?nes in the powder more than three times over
An alternative criterion randomly selected involves
the normal value for NC-132. Because the tungsten
measuring the largest ?aw in 8-10 ?elds and extracting
carbide inclusions are known to have a deleterious ef
the largest value obtained for tabulation. If it is 70 mi
feet on bulk strength, a contrast between the effect of
crons or less, the silicon nitride body also falls within
bulk ?aws and the special optical anomalies noted here 25 the scope of my invention. Preferably the absolute max
was possible. Critical fracture toughness and notch
imum value should be not more than 50 microns. Alter
sensitivity were not reduced for the products from this
natively the volume of ?aws may be determined as
described. Materials with less than 20 volume % fall
example compared with normal silicon nitride, but
strength was slightly reduced as expected. The optical
within the scope of this invention. Preferred materials
properties are shown in FIG. 5. The ?aws in this mate 30 meet both the size and volume requirements.
rial are roughly equal in contrast to those of NC-l32 but
FIG. 7 shows the statistically derived fatigue life
are smaller and sparser, intermediate between values for
performance of the more important silicon nitride mate
NC—l32 and the product of Example 1, as shown in
rials described herein. The Lm values are at the intersec
Table 2. correspondingly, the L10 value was found to
tion of the lines representing each material with the
be 4.53 million cycles, as shown on FIG. 7. This mate 35 dotted horizontal line on the Figure. A detailed descrip

rial contained approximately 207/0 re?ective material

tion of the method of statistical fatigue analysis used to

with a maximum diameter of 38pm and an average

prepare this Figure may be found in W. Johnson, The

maximum of 20 um.

Statistical Treatment of Fatigue Experiments. 1964.
For comparison, a similar curve, but at a lower stress

EXAMPLE 3

conventional NC-l32 were followed, except for the
introduction of an air classi?cation step after powder

level, for CVM-SO bearing steel, a premium material
currently used commercially for bearings, is shown on
the Figure in dashed lines. The slope of the line for this
steel is much higher than that for the earlier silicon

milling and drying. This removed all agglomerates

nitride bearing materials known in the art but close to

In this example, all practices for the preparation of

greater than 5 microns in diameter prior to densi?ca 45 that of the materials produced in the three examples of
tion. The resulting products‘ had lower bulk strength
embodiments of the instant invention. Thus the materi

and resistance to machining damage than standard NC
132, but the fatigue L10 life under 6.9 GPa stress was

als provided by this invention combine the high reliabil

ity of current bearing steels with the much greater aver
6.07 million cycles, more than ten times better than for
age life of previously known silicon nitride materials,
NC-l32. The re?ective optical characteristics are 50 which were all susceptible to early failures in a signi?
shown in FIG. 6. The ?aws are not as sharply de?ned as
cant fraction of their total applications. The greater
in NC-l32 but more sharply than in Example 1. Quanti
average life of silicon nitride materials is indicated by
?cation of the optical re?ections is shown in Table 2. Of
the fact that the steel shown on the Figure can not
the three Examples, this is closest in these ?gures to
survive even a few cycles at the 6.9 GPa stress level at
NC-l32 but still clearly lower. The similarity of this
which the average lives (L50) of all the silicon nitride
data to the NC-l32 material suggests that the air classi?
materials shown was more than one-half million cycles.

cation procedure improves the RCF performance by a
TABLE 1
MECHANICAL PROPERTIES AND FATIGUE
PERFORMANCE OF SILICON NITRIDE MATERIALS
FLEXURAL FRACTURE
NOTCH
rumour-z urn MILLIONS
STRENGTH TOUGHNESS
SENSITIVITY CONTACT
OF CYCLES

MATERIAL
CVM-SO
Best Commercial Si3N4

(KSI 4 Point) KIC (KS1 ‘i in. )

(95)

srruass (xsn

1.10

1.50

2.8
11.8

5.6
93.4

111

5.0

.67

760
860
la!)

.58

129
124

6.9
5.9

.93
.74

1000
1000

0.01
5.42

Bearing Material

High Strength Si3N4
Example A

~

7.70

0.22
14.25

4,935,388

9

10

TABLE l-continued
MECHANICAL PROPERTIES AND FATIGUE
PERFORMANCE OF SILICON NITRIDE MATERIALS
FLEXURAL FRACTURE
NOTCH
FATIGUE LIFE
STRENGTH TOUGHNESS
sENsmvI'rY coNTAcT

MATERIAL

(KSI 4 Point) KIC (KS1

Example B
Example 0

104
92

in. )

5.3
5.0

MILLIONs
OF cYcLEs

(%)

STRESS (KS1)

L10

L50

.67
.62

looo
1000

4.53
6.07

9.74
9.78

TABLE 2

MATERIAL

ROLLING coNTAcT FATIGUE PERFORMANCE
6.9 GPa Hertzian Contact Stress
L10 FATIGUE FLAW vOL. AVG. MAX.
MAXIMUM
LIFE
FRACTION FLAW DIAM. FLAw DIAM.

Best commercial
silicon nitride

5.80E + 05

21-24

73

41

High Strength
Example 1
Example 2
Example 3

1.00E
5.42E
453B
6.0715

28-31
14-16
16-22
22-27

233
48
3s
56

141
35
20
36

+
+
+
+

04
06
06
06

NOTE:
Contiguous ?aw diameters in micrometers
E = exponent base 10

25
I claim:

V

1. A ceramic material comprising a predominant vol
ume of grains of silicon nitride or silicon Oxynitride

bonded together by an intergranular phase, said ceramic
material having an L10 value of at least four million
stress cycles in ASTM test STP 771 under 6.9 gigapas
cals applied contact stress.
2. A material according to claim 1, wherein said inter
granular phase occupies less than one tenth of the total

11. A rolling contact bearing incorporating’ a bearing
surface consisting predominantly of a material accord
ing to claim 2.
12. A rolling contact bearing incorporating a bearing
surface consisting predominantly of a material accord
ing to claim 1.
13. In a processfor the manufacture of ceramic mate

rial comprising the steps of mixing a predominant
amount of fine silicon nitride or silicon oxynitride pow
der with a minor amount of a ?nely ground binder

material, said binder material comprising a predominant
volume of the material.
35
amount of oxides or carbonates of alkaline earth metals
3. A ceramic material comprising a predominant vol
or mixtures thereof, milling the mixture of ceramic and
ume of granules of silicon nitride or silicon oxynitride
' bonded together by an intergranular phase, said ceramic ' binder material for at least six hours in a liquid disper
sant, drying the milled mixed powder under sufficient
material having an average largest ?aw as described, of
pressure and heat to densify it into a coherent body, the
less than 40 pm.
improvement wherein the dried milled mixed powder is
4. A ceramic material comprising a predominant vol
size classi?ed before compression so as to eliminate
ume of granules of silicon nitride or silicon oxynitride

from the compressed powder any aggregate having a

bonded together by an intergrauular phase, said ceramic
material having optical heterogeneities the largest of

diameter greater than five microns.
14. In a process for the manufacture of ceramic mate

which is not more than 70 microns in diameter.

rial comprising the steps of mixing a predominant

5. A material according to claim 4, wherein said maxi

amount of ?ne silicon nitride or silicon oxynitride pow
der with a minor amount of a ?nely ground binder

mum value is not more than 50 microns.

6. A material according to claim 2, comprising not
less than 1.5 percent by weight of magnesium oxide.
7. A rolling contact bearing incorporating a bearing
surface consisting predominantly of a material accord
ing to claim 6.

material, said binder material comprising a predominant
amount of oxides or carbonates of alkaline earth metals

or mixtures thereof, milling the mixture of ceramic and
binder material for at least six hours in a liquid disper

'

sant, drying the milled mixed powder, and compressing

8. A rolling contact bearing incorporating a bearing
surface consisting predominantly of a material accord

the dried milled mixed powder under sufficient pressure
and heat to density it into a coherent body, the improve
55
ment wherein said milling of the mixture of ceramic and
9. A rolling contact bearing incorporating a bearing
binder material is continued for at least twenty-four
surface consisting predominantly of a material accord
hours.
ing to claim 4.
15. A material according to claim 1 wherein the vol
10. A rolling contact bearing incorporating a bearing
ume of optical anomalies is <20% of the total material.
surface consisting predominantly of a material accord
#
i
*
i ‘ i
ing to claim 3.
ing to claim 5.
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